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ABSTRACT: To estimate the association between obesity and poor asthma control or risk of 43 
exacerbations in asthmatic children and adolescents, and to assess whether these associations are 44 
different by gender.  45 
A meta-analysis was performed on unpublished data from three North-European pediatric 46 
asthma cohorts (BREATHE, PACMAN and PAGES) and 11 previously published studies (cross 47 
sectional and longitudinal studies). Outcomes were poor asthma control (based on asthma 48 
symptoms) and exacerbations rates (asthma-related visits to the emergency department, asthma- 49 
related hospitalizations or use of oral corticosteroids). Overall pooled estimates of the odds ratios 50 
(ORs) were obtained using fixed or random-effects models.  51 
In a meta-analysis of 46,070 asthmatic children and adolescents, obese children 52 
(BMI≥95th percentile) compared with non-obese peers had a small but significant increased risk 53 
of asthma exacerbations (OR: 1.17, 95% CI: 1.03-1.34; I2:54.7%). However, there was no 54 
statistically significant association between obesity and poor asthma control (n=4,973, OR: 1.23, 55 
95% CI: 0.99-1.53; I2: 0.0%). After stratification for gender, the differences in ORs for girls and 56 
boys were similar, yet no longer statistically significant.  57 
In asthmatic children, obesity is associated with a minor increased risk of asthma 58 
exacerbations but not with poor asthma control. Gender does not appear to modify this risk. 59 
Key words: body mass index, overweight, children, asthma severity.  60 
Word count for the abstract: 198 61 




Studies have shown that overweight and obesity are associated with an increased risk of asthma 64 
in children1-3.  Mechanisms which might explain how obesity could lead to asthma include 65 
increased weight on the chest wall leading to breathing at lower lung volumes4 and/or pro-66 
inflammatory mediators released by adipocytes5. These mechanisms might also lead to children 67 
with asthma and who are obese having either more symptoms or worse disease compared with 68 
children who are not obese6. It has been reported that obese boys have a significantly higher risk 69 
of asthma than obese girls7, although some other studies have found the opposite8-10. In addition 70 
to the risk of developing asthma, there has been an inconclusive debate about whether obesity is 71 
associated with an increased risk of poor asthma control11-18 and exacerbations19-24. Studies 72 
reporting on gender differences for the association of obesity and poor asthma control also show 73 
conflicting results14,17. Luisa et al. reported that obese boys are more at risk of poor asthma 74 
control compared to obese girls14. In contrast, Kattan and colleagues showed that obese girls had 75 
a higher risk of poor asthma control compared to obese boys17.  76 
Therefore, the purpose of this study was to perform a meta-analysis including unpublished 77 
results (from three Northern European asthma cohorts) and all previously published studies on 78 
overweight/obesity and the risk of poor asthma control or exacerbations in asthmatic children 79 
and adolescents. Additionally, we intended to assess whether this association is different for boys 80 
and girls.  81 




In this study, we followed the guideline reported by the Meta-analysis of Observational Studies 84 
in Epidemiology (MOOSE) statement25 for presenting systematic reviews. 85 
Data source: 86 
Studies were identified by conducting a literature search in PubMed and Web of Science with the 87 
keywords strategy shown in Table S1 (See supplementary data). Additional articles were 88 
retrieved through a manual search of references from articles identified in the initial search. We 89 
also included unpublished results of the analysis of three North-European asthma cohorts 90 
(BREATHE, PACMAN and PAGES) (all information regarding methods and the results of 91 
these studies are presented as supplementary information). 92 
Inclusion and exclusion criteria: 93 
Targeted studies were those in which the association of overweight and obesity (body mass index 94 
(BMI)≥85th percentile) or obesity (BMI≥95th percentile) with poor asthma control and/or 95 
exacerbations rate in children and adolescents was evaluated as, or could be calculated as odds 96 
ratios (ORs). 97 
Studies on this association were included in this meta-analysis if they met following criteria:  98 
1) Data on overweight and/or obesity was available (based on BMI percentile).  99 
2) Data on asthma control was available as ACQ26, ACT27, NHLBI28 or GINA guidelines29 OR  100 
3) Data on severe asthma exacerbations was available either as a) asthma emergency 101 
department (ED) visits/ unscheduled health care visits or b) asthma- related hospitalization or c) 102 
prescribed courses of oral corticosteroids (OCSs). 103 
4) Only publications in English language available in PubMed and Web of Science before17th 104 
of Feb 2015 were considered. 105 
 
 
Low-quality studies (criteria for this exclusion are explained later in the quality assessment 106 
section) were excluded from this meta-analysis. Studies that evaluated adolescents and adults 107 
without showing separate results30,31 or studies that used other measurements of outcomes (e.g. 108 
missing schools due to wheezing and wheezing with exercise)13,18,32-37 were also excluded. We 109 
also excluded studies in which the association of overweight/obesity and uncontrolled asthma 110 
was evaluated only in children with an asthma-related ED visit38-40.  111 
Data extraction:  112 
The following data were extracted: first author, year of publication, study design, patient 113 
characteristics (gender, age and number of patients). When available, the crude or adjusted ORs 114 
for the association of overweight/obesity and outcomes were extracted from the articles. For the 115 
remaining studies, the numbers of exposed/non-exposed subjects were selected to calculate the 116 
unadjusted ORs and 95% confidence intervals (CIs). In case the reported association was not 117 
obtained from a regression analysis or ORs were not reported, we contacted the authors to 118 
provide additional information in order to be included in the meta-analysis.  119 
Quality assessment and publication bias: 120 
Quality assessment of included published studies was assessed independently by three authors 121 
(FA, AHM, SJHV) using the checklist of Newcastle-Ottawa Scale (NOS) for cohort-studies or 122 
adapted for cross-sectional studies. Using this tool, each study was evaluated on eight items 123 
categorized into three groups including the selection of the study group, the comparability of the 124 
groups and the assessment of either the exposure or outcome of interest for cross-sectional and 125 
cohort studies. When a study met ≥5 NOS criteria, the study was considered to be of high 126 
quality. Studies with a NOS score <5 were excluded from the meta-analysis41. Publication bias 127 
was evaluated by using funnel plots and the Egger test was applied to measure any asymmetry.  128 




Overall pooled ORs, together with 95% CIs of the association between obesity and outcomes 131 
were obtained using either a fixed-effects model or a random-effects model. In association BMI 132 
and risk of asthma exacerbations, we performed separate meta-analyses in those studies that 133 
reported ED visits, hospitalizations due to asthma or OCSs use. Heterogeneity of the studies was 134 
tested by the I2 measure of inconsistency with 25% corresponding to low heterogeneity, 50% to 135 
moderate and 75% to high. If significant moderate or high heterogeneities existed, we used a 136 
random-effects model instead of a fixed-effects model for the meta-analysis. 137 
In this meta-analysis, for reasons of symmetry, the reported/calculated ORs and lower and upper 138 
bounds of the 95% CI were initially log-transformed; the log ORs together with 95% CIs of the 139 
log ORs were meta-analyzed using either fixed or random-effects models, then the results were 140 
transformed back to the original ORs for reporting. 141 
Sensitivity analyses: 142 
A series of sensitivity analyses was applied to find: 143 
a)  The impact of unpublished results on these associations; separate meta-analyses were 144 
performed for unpublished and published studies. 145 
b)  The effect of different asthma control measurements on the association between obesity and 146 
poor asthma control; a separate meta-analysis was performed in those studies that used the ACQ 147 
or ACT for asthma control measurement.  148 
c) The effect of different asthma definition on this association; separate meta-analysis for studies 149 
with physician-diagnosed asthma and those with self/parental-reported asthma.  150 
d)  The effect of severity of asthma on this association; the meta-analysis was stratified based on 151 
the source of recruitment, primary versus secondary health care system. 152 
 
 
e) The effect of study design on the association between obesity and poor asthma 153 
control/exacerbations; separate meta-analyses were performed in cross sectional and longitudinal 154 
studies. 155 
P-values of 0.05 were used to assess the statistical significance of main effect associations. We 156 
used STATA 12/SE (StataCorp. 2011. Stata Statistical Software: Release 12. College Station, 157 
TX: StataCorp LP). 158 
 159 
RESULTS 160 
Search results 161 
As shown in Figure S1, our literature search yielded 1,060 published articles on 162 
overweight/obesity and childhood poor asthma control/exacerbations. After applying the 163 
inclusion and exclusion criteria 11 studies remained eligible, and were included in the meta-164 
analysis together with the analyses of the BREATHE, PACMAN and PAGES studies.  165 
Study characteristics: 166 
Features of the included studies are presented in Table 1. A total of 52,147 patients from 14 167 
studies were included in this meta-analysis. Sample sizes ranged from 5612 to 32,32120 patients. 168 
The design of the studies was cross-sectional (8 studies), retrospective or prospective cohort (3 169 
studies) or a randomized clinical trial (3 studies). The studies were performed in the United State 170 
(US) (10 studies), the United Kingdom (UK) (2 studies), Japan (1 study) and the Netherlands (1 171 
study). 12 studies evaluated the association of obesity (BMI ≥95th percentile) with the outcomes 172 
while in 2 other studies overweight and obesity were combined (BMI ≥85th percentile). Overall, 173 
the highest proportion of obese children was observed in the studies conducted in the US 174 




Poor asthma control was studied in 8 studies; three studies used the ACT questionnaire, 4 studies 177 
the ACQ questionnaire and one study NHLBI guidelines.  178 
 179 
Meta-analysis of combined unpublished and published studies: 180 
The association of obesity with asthma exacerbations was studied in 8 studies by ED visits (4 181 
studies), hospitalization due to asthma (5 studies), OCSs use (6 studies), both ED visits and 182 
hospitalization (5 studies) and both ED visits/hospitalization and OCSs use (2 studies). All 183 
studies recruited both girls and boys in their studies however the ORs for the association of 184 
exposure and poor asthma control were stratified by gender in 7 studies and only in 3 studies for 185 
asthma exacerbations.  186 
The quality of the studies was scored according to the three sections of the NOS checklist 187 
(selection, comparability and assessment of outcome). The results showed a high quality for all 188 
studies included but one scored below the threshold of 5 22 and was excluded from the meta-189 
analysis (Table 2). 190 
The funnel plot and Egger’s test showed no evidence of any asymmetry for the association of 191 
overweight/obesity with poor asthma control (p-value=0.81) and exacerbations (p-value=0.80), 192 
suggesting no publication bias in our meta-analysis (Fig S2). 193 
Association BMI and poor asthma control: 194 
The association of obesity and poor asthma control in the total population has been reported by 7 195 
studies PACMAN, PAGES, 11,12,15-17. Estimated heterogeneity in these studies was low (p-value: 0.71). 196 
The pooled OR for this association of obesity and poor asthma control in the total population was 197 
1.23, 95 % CI: 0.99-1.53; I2: 0.0%, p-value: 0.06 (Fig 1). Gender effect on this association is 198 
shown in Figure 2; in girls the OR was 0.96 (95% CI: 0.72-1.29; I2:7.8%, p-value: 0.79) and in 199 
boys the OR was: 1.30 (95% CI: 0.92-1.83; I2:22.9%, p-value: 0.15). 200 
 
 
Association BMI and asthma exacerbations: 201 
An estimation of the association between obesity (BMI≥95th percentile) and overweight (BMI> 202 
85th percentile) in asthmatic children and the risk of exacerbations was reported in 8 studies 203 
BREATHE, PACMAN, PAGES, 19-21,23,24. We performed meta-analysis in those studies that reported ED 204 
visits, hospitalizations due to asthma or OCSs use, separately. The results showed  that 205 
heterogeneity was moderate in the three associations and by applying a random effects model the 206 
overall pooled estimate in the association overweight/obesity and OCSs use was shown to be 207 
statistically significant, OR: 1.17, 95% CI: 1.03-1.34; I2:54.7%, p-value: 0.02 when boys and 208 
girls combined (Fig 3). For the association between overweight/obesity and ED visits (1.04, 209 
95%CI: 0.98-1.11; I2:0.0%, p-value: 0.21) and between overweight/obesity and asthma-related 210 
hospitalizations (1.18, 95%CI: 0.91-1.53; I2:0.0%, p-value: 0.22), there were no statistically 211 
significant associations, however it seemed that there was a trend towards a higher risk of asthma 212 
exacerbations in obese compared with non-obese children (Fig 4 & 5). 213 
The summarized ORs for the association of obesity (BMI≥95th percentile) with asthma 214 
exacerbations showed that obese children were statistically significantly at higher risk of asthma 215 
exacerbations measured by OCSs use (1.17, 95%CI: 1.03-1.34; I2:54.7%, p-value: 0.02). Obese 216 
children were also more likely to have ED visits (1.03, 95% CI: 0.65-1.62; I2:44.3%, p-value: 217 
0.90) and hospitalizations due to asthma (1.23, 95% CI: 0.89-1.69; I2:0.0%, p-value: 0.21). After 218 
stratification by gender, the effect size of the ORs in the association obesity and OCSs use 219 
appeared to be similar to the non-stratified ORs although the differences were not statistically 220 
significant anymore; OR, 1.30, 95%CI: 0.42-4.07; I2:76.0%, p-value: 0.65 in girls and OR, 1.19, 221 
95% CI: 0.81-1.74; I2: 0.0%, p-value: 0.37 in boys. For the association between obesity and ED 222 
visits, there were no statistically significant associations for boys (1.27, 95% CI: 0.78-2.09; 223 
I2:0.0%; p-value: 0.34) or girls (0.91, 95% CI: 0.48-1.72; I2:0.0%, p-value: 0.77). 224 
 
 
Sensitivity analyses: 225 
We evaluated the impact of unpublished studies on the association between obesity and poor 226 
asthma control and showed that the 95% CIs of the pooled results in this association in published 227 
studies (OR: 1.26, 95 % CI: 0.99-1.61; I2: 0.0%) and in unpublished studies (OR: 1.14, 95 % CI: 228 
0.68-1.89; I2: 11.0%) were the same and overlapping. The associations between obesity and 229 
OCSs use in published (OR: 1.20, 95% CI: 1.05-1.38; I2: 79.4%) and unpublished (OR: 1.03, 230 
95% CI: 0.73-1.46; I2: 14.1%) studies were similar. The associations of obesity with ED visits 231 
and asthma-related hospitalization separately in published versus unpublished studies were also 232 
evaluated. The results illustrated that there was no difference between the results of these 233 
associations in published (OR: 1.04, 95% CI: 0.98-1.10; I2: 0.0% and OR: 1.25, 95 % CI: 0.87-234 
1.78; I2: 0.0%, respectively) and unpublished studies (OR: 1.91, 95% CI: 0.76-4.83; I2: 0.0% and 235 
OR: 1.10, 95% CI: 0.75-1.62; I2: 0.0%, respectively). 236 
The effect of different measurements of asthma control on the association between BMI and 237 
asthma control was evaluated by a sensitivity analysis; the results showed that obesity was 238 
significantly associated with poor asthma control measured by ACT (OR: 1.42, 95% CI: 1.08-239 
1.87; I2:0.0%) but not with ACQ (OR: 0.98, 95% CI: 0.69-1.39; I2: 0.0%) and the point estimates 240 
were in the opposite direction. Obese children were also more likely to have asthma 241 
exacerbations measured by ED visits, hospitalizations due to asthma or OCSs use compared with 242 
non-obese peers in both combined studies with self/parental reported asthma (OR: 1.24, 95% CI: 243 
0.63-2.44; I2: 33.2%, OR: 1.23, 95% CI: 0.65-2.30; I2: 0.0% and OR: 2.04, 95% CI: 0.79-5.25; 244 
I2: 0.0%, respectively) and studies with asthmatic children diagnosed by physician (OR: 1.03, 245 
95% CI: 0.86-1.23; I2: 10.8%, OR: 1.17, 95% CI: 0.87-1.56; I2: 0.0%, and OR: 1.16, 95% CI: 246 
1.01-1.32; I2: 61.3%, respectively ). We further stratified the meta-analysis based on recruitment 247 
of the patients in the studies. Based on our results obesity was related to increase asthma 248 
 
 
exacerbations either ED visits or OCSs use in those studies with children recruited from primary 249 
care (OR: 1.18, 95% CI: 0.73-1.89; I2:39.5% and OR: 1.22, 95% CI: 1.06-1.39; I2:66.1%, 250 
respectively) but not in children from secondary care (OR: 0.89, 95% CI: 0.41-1.93; I2:52.6% 251 
and OR: 0.94, 95% CI: 0.68-1.29; I2:0.0%, respectively).  252 
The effect of study design on these associations was also assessed and the results showed 253 
statistically significant association between obesity and poor asthma control in cross sectional 254 
studies (OR: 1.32, 95% CI: 1.02-1.72; I2:0.0%) however obese children in longitudinal studies 255 
also were more likely to have poor asthma control compared with non-obese peers (OR: 1.04, 256 
95% CI: 0.70-1.55; I2:0.0%). The same results were also shown in the associations between 257 
obesity and ED visits (OR: 1.06, 95% CI: 0.68-1.63; I2: 24.8%; OR: 1.04, 95% CI: 0.98-1.11; I2: 258 
0.0%) and OCSs use (OR: 1.03, 95% CI: 0.73-1.46; I2: 14.1%; OR: 1.20, 95% CI: 1.05-1.38; I2: 259 
79.4%) in the cross sectional and cohort studies, respectively.     260 
     261 
DISCUSSION 262 
To the best of our knowledge, this systematic review and meta-analysis provides the first 263 
quantitative summary estimates of the relation between BMI and poor asthma 264 
control/exacerbations. Our analysis in 14 studies included (52,147 asthmatic children and 265 
adolescents) shows that obese and overweight children have a slightly higher risk for severe 266 
asthma exacerbations, yet not for poor asthma control (based on asthma symptoms). 267 
Furthermore, we showed that gender does not influence these risks.  268 
Childhood obesity has become a global public health issue especially in developed nations. 269 
Although data from many countries including US, Netherlands and UK have shown stabilization 270 
of obesity levels in children in 1995-200842, the results of most recent national estimates of 271 
 
 
obesity in children aged 2-9 years in US reported that obesity prevalence remains high, almost 272 
17% between 2003 and 201243. 273 
Several studies have proposed biological mechanisms, which may underlie the association 274 
between obesity and the risk of asthma exacerbations. An increased BMI might cause increased 275 
weight on the chest wall leading to breathing at lower lung volumes4. A recent meta-analysis 276 
suggested that children with higher infant weight gain were associated with asthma outcomes 277 
reflecting a direct mechanical effect on lung function44. In addition, obesity is associated with a 278 
chronic inflammatory state. Adipose tissue macrophages produce pro-inflammatory mediators, 279 
and these cells are abundantly present in obese individuals5. It is an ongoing debate whether 280 
obesity is associated with a distinct inflammatory asthma phenotype45,46. It has been suggested 281 
that pediatric obesity-associated asthma is characterized by Th1 polarization47, in contrast to the 282 
more common Th2-driven atopic childhood asthma phenotype. Moreover, obesity is associated 283 
with a decreased response to bronchodilator medications in children and adolescents with 284 
asthma48,49. 285 
There is increasing evidence that some potential confounders e.g. age, gender, and race do play 286 
an important role in the association between obesity and asthma severity. Results of data-287 
analyses in our three pediatric asthma cohorts highlighted the confounding effects of factors 288 
including age, eczema, rhinitis, breast feeding, family history of asthma and allergy in the 289 
association between obesity and the risk of asthma severity.  290 
Race might also be an important confounder for the relationship between obesity and asthma 291 
severity. In PACMAN study, race/ethnicity was an actual confounder in the association obesity 292 
and asthma exacerbations. While in previous studies, obesity has been associated with poor 293 




Given the concern that obesity has been implicated in the onset of asthma, it is important to focus 296 
on prevention approaches for the individual patient. The positive effects of weight loss on 297 
asthma-related health outcomes have been already reported in overweight and obese adults with 298 
asthma50,51. However, an intervention study aimed at reducing asthma exacerbations by weight 299 
reduction strategies would be the only way to answer the question to what extent there is an 300 
association between weight reduction and asthma severity in children. Furthermore, it could help 301 
in answering the question if “obesity associated asthma” is a distinct asthma phenotype in 302 
children. 303 
There are several limitations in the current study that should be addressed. Importantly, 304 
heterogeneity in sample size and type of characteristics e.g. geographic regions should be 305 
addressed in this study, and that the exposure and outcomes are not uniform across the combined 306 
studies. The present study was limited by the use of parental-reported questionnaires based data 307 
in some studies, which might be prone to recall bias. Self-reported BMI-data (e.g. in PACMAN) 308 
might be less accurate than standardized way using weight and height. Parents may not always 309 
be able to give an accurate estimate of their child’s medication use. However, there is a 310 
reasonable agreement between parental-reported OCSs use data and pharmacy prescription data 311 
within the PACMAN cohort (Cohen’s kappa coefficient is 0.51; results not published). 312 
Additionally, definition of asthma control slightly differed between the separate studies; poor 313 
asthma control was defined by ACQ, ACT or NHLBI guidelines. Results from our sensitivity 314 
analyses showed statistically significant association between obesity and asthma control 315 
measured by ACT but not with ACQ. In a meta-analysis of Jia et al. including 21 studies, the 316 
ACT and ACQ had also significant differences in the assessment of controlled and not well-317 
controlled asthma52. The assessment of asthma control has been limited to 1-week in the ACQ 318 
questionnaire but 4 weeks in the ACT questionnaire and NHLBI guidelines, which may have 319 
 
 
underestimated or overestimated long asthma control for participants53. Moreover, seasonal 320 
variation has been shown to have a substantial impact on asthma control53, which might lead to 321 
differences in asthma control reported by different studies. 322 
Studies included in our meta-analysis did not all have the same definition of asthma diagnosis 323 
however, most studies used physician-diagnosed asthma. Children younger than 5 years can have 324 
asthma-like symptoms54,55 that could be explained by the smaller airways. Therefore, there is a 325 
likelihood of misclassified asthmatic children especially in young children. Children in some 326 
studies such as PACMAN were recruited through community pharmacies based on regular 327 
asthma medication use, while participants of some other studies e.g. BREATHE and PAGES 328 
were recruited through primary and secondary asthma clinics, and might, therefore, reflect a 329 
more severe population of asthmatics. It is possible that for patients with mild asthma on 330 
intermittent bronchodilators alone, being obese might not be associated with severity of asthma, 331 
but, while in more severe disease, use of systemic corticosteroids or physical inactivity might 332 
lead to a stronger relation of BMI with asthma severity. Another important limitation is about 333 
missing values for weight and height in the three cohorts (BREATHE 11%, PACMAN 35% and 334 
PAGES 45%) that may have existed in other studies included as well. In most of the other 335 
studies included in the meta-analysis there is no information about missing values for BMI. 336 
Therefore, our estimates of overweight and obesity should not be interpreted as prevalence rates 337 
nor extrapolated to the general pediatric asthma population. Although in the three cohorts we 338 
have adjusted for the most important potential confounders such as age, eczema and family 339 
history of asthma the possibility remains that some factors which we have not measured still 340 
caused confounding, e.g. birth weight, gestational age, puberty, socioeconomic status and 341 
genetics. Furthermore, there is a lack of relevant adjustment for the association of BMI and 342 
 
 
asthma severity in some of the studies included in the present meta-analysis, which might 343 
influence this association differentially.  344 
We were unable to check the onset of obesity and the subsequent development of asthma 345 
complications in which the time of obesity must be preceded. Therefore, reverse causality might 346 
affect these studies for which in subgroup of children especially those with early asthma onset, 347 
asthma might precede obesity. 348 
We excluded studies that had different measurement of exposure and outcomes because we 349 
intended to reduce heterogeneity as much as possible. A statistically significant higher risk of 350 
asthma severity in obese compared with non-obese children was reported by five excluded 351 
studies31,32,34,36,37. The other four excluded studies13,33,35,56 showed no significant association 352 
between obesity and asthma control. Since the pattern of these results is similar to our main 353 
findings we assume that the impact of excluding these studies on the pooled effect estimates of 354 
our study probably would be very small.  355 
Multiple sensitivity analyses were used to test the robustness of the findings. Even though the 356 
point estimates were a bit different in some of these analyses, the 95% CIs largely overlapped 357 
and that these differences were mainly caused by chance findings related to relatively low patient 358 
numbers. In our meta-analyses, we have pooled data from primary, secondary and tertiary care. 359 
Furthermore, we included studies from different parts of the world (Europe, USA, and Japan). 360 
Multiple sensitivity analyses showed the robustness of our findings. Therefore we conclude that 361 
our findings are generalizable to most children with asthma. 362 
 363 
In summary, we have related asthma severity to BMI in a population of children with asthma and 364 
our findings suggest that both overweight and obesity have a small, but statistically significant 365 
deleterious effect on the risk of OCSs use (as a marker for asthma exacerbations) but not on poor 366 
 
 
asthma control. Though a study where an intervention leads to weight reduction in asthmatic 367 
children with high BMI is needed to determine the true nature of the relationship between asthma 368 
and increasing BMI in children, weight loss is by far the best recommendation.  369 
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Fig 1: Pooled odds ratio of the association obesity and poor asthma control in obese compared with non-obese children  548 
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Fig 2: Pooled odds ratio of the association obesity and poor asthma control in obese compared with non-obese children, stratified by gender  551 
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Fig 3: Pooled odds ratio of the association combined overweight and obesity with oral corticosteroids (OCSs) use 553 
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Fig 4: Pooled odds ratio of the association combined overweight and obesity with emergency department (ED) visits 555 
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Fig 5: Pooled odds ratio of the association combined overweight and obesity with hospitalization due to asthma 557 
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